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THE ANNOYANCE DUE TO NOISE AND AIR POLLUTION TO THE RESIDENTS
OF HEAVILY FREQUENTED STREETS

H, U. Wanner, Brigit Wehrli, J. Nemecek, and Verena Turrian*

HOW LARGE IS THE DEGREE AND THE FREQUENCY OF NOISE

AND ATR POLLUTION ANNOYANCE UNDER INNER-CITY COND-

ITIONS? THE SUBJECTIVE RESPONSE TO THE ANNOYANCES

THAT ARE:USED TO DEFINE LIMITING VALUES WERE DETER-
MINED IN' INQUIRIES IN THE CITY OF ZURICH.

1. INTRODUCTION AND DEFINITION OF THE PROBLEM

Environmentai hyglene 1s nOWadays not only concerned with /108%¥
the identification of toxic effects by foreign substances in water
‘and air, but more and more with environmental conditions that are
not Immediately tﬁe cause of illness. Such environmental condi-
tions, for instance ndise‘and air pollution, nevertheless may

be the cause for physiological change processes (such as blochem-
1cal changes or reactions of the central nervous system) or they.

are_felt subjectively as an annoyance.

Such annoyances through emissions into the environment
whatever their tjpe méy beduce the physical and psychologilcal
health and, in thls sense, they are an impalrment of health
according to the definition of the WHO. In order to assess the
~damage to health:caused by the environment, 1t is necessary to
develop criteriaifor the degree of annoyance. In this endeavor
~one encounters séyeral'problems of measurement technique in
that simple physiplpgical ﬁaraméters'or inquiries with respect
..tq one particular.annoyance factor are not sufficlent. On the

-« “ . .
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. .
the contrary, it 1s necessary to compare statements with respect
to different disturbance factors. In thils respect of importance
are data on direct reactions and behavioral changes, aside from
-the.statements on.the annoyance level, so that 1t becomes possi-
ble to estimate the degree to which 'an intended behavior has
been impalred or prevented. |

Additional factors of Importance 1n influencing the degree
and type of annoyance are habituation and sensitizing; ih addi-
tion, there are the effects of generalization and transfer, that
‘ls the response te certaln disturbances by'its general social
importance. As a consequence of this complexlty, the annoyance
by traffic nolse, to quote an example, cannot be the same for
all people, Young and old-people, and inhabitants of various
quarters will respond by dlfferent value scales and feactions.
At this point,’the question as. to formation of representative
_groups appears, in particular, with respect to the definition

of permissible levels and limiting values.

Previous investigations on annoyance by traffic noise were
based on relationéhips between the number of annoyed persons and
the measured level of noise. This type of "dose-effect relation-
ship" is basic foﬁ an assessment of the degree of annoyance;
however, whenever one wants to determine the level of permissible
"noise to be defined for a glven group of persons, difficulties
appear. Thils type of assessment requires the inclusion of ad-
.ditional boundary. conditlons, such as the influence of addition-
al factors and the‘response to specific sources of disturbance.
It would also be desirable to check the subjectlive annoyance
~agalnst other, for instance, physiological studies.

The current work compares the annoyance due to two primary
sources 1n city traffic. that 1s. nolse and alr oollutlon, the
effect of the local situation is taken into account as much as
’possible. We have questioned the‘inhabitants of streets 1in four
quarters with different:traffilc density and bullding density.



The program 1s part of a research project on air pollution Sn
roads £8] supported by the “Schwelzerische Nationalfondg &

2. DESCRIPTION OFJTHE QUARTERS

The streets of our study are in the older, relatively cen-
tral section of the clty of Zurich. In the case of three of the
quarters, the streets have high traffic density and are immed-
lately adjacent to, the living quarters: Wehntalerstrasse, Winter-~
thurerstrasse, and Langstrasse. .The quarter "Oerlikon" with
purely local traffic was chosen for comparison purposes.

‘OERLIKON (OE): Residential area wilth multi~-family houses /109
and -some small one~family houses on landscaped lots. The age of
the bulldings is between 2d-and 40 years. On the whole, the
bullding densilty is low with lots of greenery; the quarter 1is
_situated between two major traffic arterles.

WEHNTALERSTRASSE (WE): Residential quarter along a majdr
artery;'multiefamily_houses of similardconstruction, all about
40 years old. Relatively‘low building density with lots of
_greenery. Iwo greups may be distinguished'in this quarter:

houses situated dlrectly along the road, and houses farther
back, behind the first row. The first group will be called
~"up front" (WE,), ‘the second "behind" (WE,).

'WINTERTHURERSTRASSE (WI);: Residential area wlth a few
offices. Situated at a traffic artery with streetcars. Multl-
famlly houses of similar construction age about 50 - 60 years.
High density, no gardens.

- LANGSTRASSE {LA): Residential and commercial area, mixed
offices, restaurants., Multi-famlily houses, mostly old and
partly in bad repair. =~ Very hieh density . No gardens.

Table 1 shows_the hoiSe levels measured in the four quar-

ters. The measurements were made on 2 days each in summer and
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winter, each time during 24 hour periods. In 3 of the quar-
ters additional measurements were made, 30 minutes each; this
allows to determine the average level in a quarter. The three
traffic arteries are typical for inner-city streets with high
traffic density and nolse levels.: Bylcontrast, Oerlikon 1is
considered-a relatively quiet inner-clty residential. area.

Table 2 shows the major measurements of ailr pollution.

The gaseous components were: measured in each quarter at 20 -

25 locatilons simultaneously in summer and winter. - Suspended
dust was measured during a year at a locatlon in Qerlikon,

"one at Wehntalerstrasse, and one at Langstrasse. The measur-
ing technique and the health implications of these measurements
were already published elsewhere in detall [l, 67.

Quarter o - VIMTIALRSTREESE  MEITEATRERSTRASSE untm*u

Building type and ’ %[&mﬁ% :n:g\;m moog | Ak
location of the measur;l,ng & e | BRea -.,
locatlon . “F@@' .@fﬁ’_& L | B iE3F
“Traffic density (yehieles per | |

* hour): w sl 1658 9
During the day (06~22 h) a N 56 "
During the night (22~06 h) SRR B . 2

plus

Number of lanes: . .
streetcar

- Figure 1. Schematlc representation of the four quarters.

Wehntalerstrasse: 2 groups
"up front" (houses next to the street)and

vy =
h = "behind" (houses in the back)

o = Noise (contlnuous measurements for 24 hours)

0 = Noilse (30 minute measurements) _

T = gaseous component of air pollution (30 minute measurements)
™. = suspended dusﬁ (long~term measurement, one ycar)

3. METHODOLOGY OF.QUESTIONING

The questioning was_carried out 1n written form through

4’_,'!\'\‘

questionnaires. In the case of the Langstrasse, Memnm1érsu@sseﬁ@nd;wﬂnmp_
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thurerstrasse all inhabitants along about 1 km were included;

in the case of Langstrasse, the inhabltants of the flrst houses
on streets branching off were also included. In the case of
Oerlikon, the inhabitants of 10 streets 1n the quarter were
included. In_houséholds with several adult members one parti-
~cular person was addressed 1n order to obtain a homogeneous

sample wilth respect to-:age and sex.

'TABLE'l. NOISE LEVEL IN. THE FOUR QUARTERS. - AVERAGE VALUES OF
i CONTINUOUS MEASUREMENTS EACH DURING 24 HOURS. 1IN
PARENTHESES THE RANGE OF THE 30 MINUTE SAMPLES AT .
ADDITIONAL LOCATIONS (SEE FIGURE 1).

Noise level Quarter

" T
or . wE), P

During the day (06-22 h)

13 {33-61) 36 (58-¢1) .7 7 14

Lo

L ; 76 (6782 N 2o M
N - ¢ ]

teq 62 (37-10) 61 (56-67) 70

During the night (22- 06)

o 1) “ se o

13 as

l..l g 87 61 13 80 [}

legq 3) 50 62 49 n

TABLE 2, ATR POLLUTION IN THE FOUR QUARTERS. AVERAGE VALUES
OF THE GASEOUS COMPONENTS(30 MINUTE SAMPLES, MEASUR=-
ING DAYS DURING THE SUMMER OF 1975 AND THE WINTER
OF 1975/76 . SUSPENDED DUST: WEEKLY SAMPLES BETIWEEN
OCTOBER 1975 AND SEPTEMBER 1976). FOR THE LOCATION
OF THE MEASURING PLACES SEE FIGURE 1.

a——

Noise level Qarter

oE wE, ¥E, =
Carbon monoxide (ppm) or ne e na s
Nitrogen monoxide (ppb) » 2 woo i
Nitrogen dioxide (ppb) T -
Carbohydrates without S8 ea e

methane (ppm)
Sulfur dioxide (ppb) : -
Formaldehyde  (ppb) s oo - 9
Particulate matter(ug/md) : '




A total of 1953 persons were addressed, 1297 replled;
thus, the return percentage was 66%. By quarter the figures
were T1% for Oerlikon, 67% for Wehntalerstrasse, 75% for
Winterthurerstrasse, and 50% for Langstrasse.

"4, COMPARABILITY OF THE QUARTERS WITH RESPECT TO THE SOCIAL
. SITUATION ' :

The most'important soclal structures in a quarter are age
and social distribution of the inhabltants and the tlme during -
which they have lived in the quarter.

There are significant differences in the age structure
of the quarters in that the quarters with the oldest bulldings,
that 1s. Winterthurerstrasse and Langstrasse, also have a grea-
ter age of the. inhabitants. As a result, the percentage of 60—

year old perSons 15 different in the quarters: /110
- Oerlikon 28%
~ Wehntalerstrasse 21%
~ Winterthurerstrasse 409
- Langstrasse’ - 2%

The comparison'figure of the percentage of 60 ~-year old
persons among the adults of the entire city- of Zurich is 30%

[2].

_ The soclal structure of.the'inhabitants in the quarters 1is
slightly, but not?signif;cantly different. The professional

structure and the income distribution are essentially comparable.
Most of the inhab&tants belong to the lower middle class (workers
and white-collar workers with an average income of about 3000 sfr).

However, there are éome'educational differences. The maj-
ority of the male -inhabitants had finished Sekundarschule with
subsequent Job training. The inhabitants of Langstrasse have




. : ‘
a somewhat lbwef educational level (23% of the males did only
attend Volksschule), whereas the inhabiltants of Winterthurer-.
strasse have a somewhat higher level (34% attended a Mittel-
schule), ) o '

The percehteée of non-employed persons (housewives, social
security recipients) among the persons questioned 1s also com=-
parable; thils may be of importance for the annoyance problem.
‘There 1s a higher.percentage‘of social security-recipient§ in
Langstrasse and Winterthurerstrasse, but it 1s compensated by
a higher percentage of housewives“in’Oerlikon and Wehntaler-
strasse., '

TABLE 3. FREQUENCY OF ANNOYANCE DUE TO TRAFFIC NOISE, RELATED
TO THE TIME OF DAY WITH THE MAXIMUM DISTURANCE :

Quarter, N |Seldom or Often Time of day with the largest

never::" - - annoyed»®d |lannoyance in the case of per-~
annoyed . sons who were often dis-

turbed (100% = total of of-
ten disturbed persons).

06-09 09~19 19-22 224046
\] ‘v s \)

[ N

42 : . S 16 '
ot 375 . 16 19 5 40

“s
we, 91 18 i
67

6 .

WE 248 . . 8 26 28 39
3 : 71
Wi e “3' . 18 35 19 29
. ; H 3 . 72

w i 191l ) . . 3 10 15 72

2 27 27 LY}

The number of years during which the inhabitants had lived
in the quarters was essentially the same, Since all quarters '
are established since ailong.time, more than half of the inhab-
1tants lived in thelr quarters more than 10 years, about 25%
lived there for M—lO‘years; and 25 % lived in theilr quarters for
less than 3 years; ‘ ' '

In summary we conciude that the soclal structure of the
feur_quartens is not significantly different with the result
that the soclal beundary conditions should not influence the
response to nolse and alr pollution.



5. SUBJECTIVE RESPONSE TO NOISE AND AIR POLLUTION.

Table 3 summarizes the data on the frequency of distur-
bances by traffic nolse, in relation to the time of day with
most of the annoyance. The questionnaire requested a time

of maximum annoyance; only a number answer was possible.

TABLE 4. DEGREE OF ANNOYANCE DUE TO TRAFFIC NOISE, IN RELATION

: " TO THE TIME OF DAY WITH MAXIMUM ANNOYANCE. CLASSIFI-
CATION OF THE DEGREE ACCORDING TO THE "NOISE THERMO-
METER": . 0-3 WEAK, 4-7 MEDIUM, 8-10 STRONG.

Quarter {Maximum annoyance during the day [Maximum annoyance during
p ‘ ‘)the.night '
Total Degree of annoyance Total Degree of annoyance
N Weak Medlium Strong Weak [Medium |[Strong
"o 1 - e 0 7 148 69 ]
ve, © Ca sz 20 i n O I LI n
we, 156 oo s2 36 e 3 | ELI
L} ' 162 K T4 39 !.1 11 9 i 3 52
C ¢ 2. 3 124 s y 39 sy -

We have found thaﬁ whth the exception of Oerlikon a large per-
centage of‘thevpeople, in the case of houses directly on heavy
traffic streets even the majority, felt anﬁoyed frequehtly.
However, the time-of day with maximum annoyance differs. As a
whole, the 1argest percentage of people was annoyed during the
night, except in the case of Winterthurerstrasse; however, the
figures are only significant at the houses in the back of ("behind") -
W&hﬂtéﬁem§$n§ssgwand dn Langstrasse. ' o

We have»in addition to the frequency of annoyance, obtained
‘data onvthe'intenéity. The degree of subjectively felt annoy-
ance. was measured'by asking the respondents to classify their

8
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response on a "nolse thermometer" which had been previously

~ tested [9]; the scale ranges from 0 to 10. Level 0 means no
noise disturbance, level 10 that the annoyance 1s unbearable.

Table 4 shows a summary of the degree of annoyance during
day and night hours. IWe find, as we did with respect to fre-
quency, that with-the exception of the Winterthurerstrasse'the
percentage of annoyed people 1is larger durling the night;

" Figure 2 shows these statements as a function of the cor-
'responding nolse ievels. The relationship between the measured
noise levels (average nolse level L50 and equivalent continuous
nolilse level L ) and the amount of annoyance is more pronounced .
during the day than during. the night. Nevertheless, nelther

50 nor L eq show a clear correlation with the percentage of

strongly annoyed individuals. The following points are of in-

terest:

@-x S w, -, ion JORTY B2 - 1 /111

 percentage of strongly the day (06-22 h)
annoyed persons_’ (Gurding

C 80 d A
5 | ;'
W
04 -
0 A
10 4 .
0 J

31-33 56-60 G1-85 £C-70 71-05 61-C5 66-70 71-75 7€-50 D3(A)

Percentage of stron
gl 22
annoyed persons y during the night ( 06 h)

80

30 4

4 -

»
=

SN
-1.'

\
L

: 43.45 -50 -85 -f0 -£5 -70 5 <55 -50 -65 70 =TS pl{i)
Lso Leq

Figure 2, Noise pollution and subjective annoyance: during the
the day and during the night.
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- Given the same nolse level (both L50 and L ) the per—
centage of strongly annoyed persons during the day is 397% at
Langstrasse, but 57% at Winterthurerstrasse. In the same range
of Leq values T% in'Oerlikon were strongly annoyed; the corres-
ponding value at the houses < the back of.Wehntalerstragse:was)20%:iThe
discrepancles are even more obvious during the ni?ht Oerlikon
7% and 31% at the rear end of Wehntalerstrasse, with the LSO

and Leq values abqut the same.

-~ The percenﬁage of strongly annoyed persons durilng the
nlght 1s about the same as the front end of Wehntalerstrasse,
on Langstrasse, and Winterthurerstrasse, although the noise
levels were quite different., Even with L eq values in the range

' of 61-65 dB(A) more than 50% of the inhabitants are strongly

disturbed; however, the percentages do not.increase with in-

creasing nolse levels.

- Particularly high are the percentages of strongly dis-
turbed persons during the night in the cases where the houses
are dlrectly on traffic arterles. Taking the group which res-
ponded by the thermometer value of 10 (unbearable), we quote
the persons on Langstrasse 75% quoted maximum disturbances
during the night |

'‘the sensltivity during.the night 1s equally obvious in Figure
3. Although the L eq values are lower during the night (this
is particularly pronounced in the case of WE ), the percentage
of strongly annoyed persons is 81gnUhcantly:umreased

in the case of Wehntalerstrasse and Langstrasse.

_ Figure 4 shows the dependence of the number of strongly
annoyed persons on the traffic frequency. The correlation
1s fairly good‘during the day. Thus, 1t 1s conceivable that
the difference between the percentages of strongly annoyed
persons between-the Winterthurerstrasse and Langstrasse'has
to do wilith traffic;frequency. There is the complication that

10




in the case: of Winterthurerstrasse additional disturbances
by the streetcaré‘bccur; they were not ihcluded in the ques-
‘tionnaires. By oontrast durlng the night the picture 1is
essentlally the same as the one with respect to the noilse level:
Already at a traffilc frequency of 100 vehlcles/hour on the
average (Wehntalerstrasse) 50% of the persons ‘are strongly

- annoyed, This percentage does ‘not increase with traffic
density and was even obtained for the 600 vehicles/hour 1n the

case of Langstrasse. »
o -day (06-22 h)
S - night (22-06 h)

% of strongly
annoyed persons

L]
-

04 .
. :\\\: :‘9.\3
S §§ r%g
30 N N
. 20 4 N \ &\‘:
» 107 ' N \
ed I 3 N N
Q.
0B(A)
76-80
n-1s T@
- |_ %
6670 N
61-65 N F N §
o ] Y Y N
£0-55 ] §§ 5§§ N\
R N RN N\

i VE ., WE-, W

Comparison of nolse level and subjective annoyance;
durlng. the day and during the nlght.
y (0622 h)

Figure 3.

% of strongly .

annoyed persons

nlzht (22~06 h)

1
¥ g - . .
% 4 _ . - : u'
. ""v ol
T e o’
-
0 4 z ) '/.
4
b3 J g
l"'
10 3 o,
[ l
n o 100 o Tpaffic denoity/venlcles

;Ahnqwﬁme..:’due to noise as a functlon of traffic per hour

Figure 4,
' frequency; durlng the day and during the night.
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TABLE 5. FREQUENCY AND DEGREE OF ANNOYANCE DUE TO AIR POLLUFION.
- : PERCENTAGES OF "OFTEN" DISTURBED PERSONS AND OF "STRONG-
LY" DISTURBED PERSONS (SCALE RANGE 8-10).

/112
Quarter N Often anoyedi= 1 persons Strongly annoyed ' persons
: % | (% )

CE 180 13 ' _

WE, 97 » 25 o : 12

WE, %3 ' o . 26

Wl . 248 ' B . 23 50 °

A 209 64 47

As we dld in the case of traffic noise, the frequency and
intensity of the subjective annoyance was researched in the.
case of ailr pollution; Again, the intensity was determined by
the interrogated persons themselves on a "thermometer."

Table 5 summarizes the degree and the frequency of annoy-
ance due to alr pollution. The correlation of the subjective
annoyance and of the 1eve1 of actual pollution. is not very good;
the amount of pollution'is clearly largest on Langstrasse.

This 1s due to two factors: on the one hand, the .gaseous pol-
lutants (with the'CO and NO2 components) are difficult to ob-

~ serve by the victims, whlle there is a strong correlation be-
tween the annoyanee by noilse and by pollutien so that we may
assume that the 1nhab1tants of a street with a high noise level
automatically assume that the degree of pollution, too, 1s very
high.

In summary, we find the following correlations among the
annoyance measures: '




, ¢
- Frequency df annoyance due to air pollution and frequency
of annoyance due to nolse y = 0.78

- Intensity of disturbance due to air pollution and inten-
sity of disturbance due to noise:y =0.72.

Thils relatiohship 1s represented in fig. 5. We see that
in the case of Wehntalerstrasse the number of people disturbed
by air pollution 1s.2 to 3'times as high as in Oerlikon, al-
though thefemission concentration is fairly low 1n Wehntaler-
strasse. The number of people complaining about air pollution
is about as high in w1nterthurer3trasse as in Lahgstrasse, al-
‘though in the 1atﬁer location the concentration of gaseous as
well as suspended pollutants is about twice as high. The fact
that we obfain eVérywhere high correlations between the subjec~
tive annoyance by .noise and by .air pollution probably means
}that the annoyance felt by air pollution'depends on the inten-
sity of annoyance;due to noise. |

% of annoyed L o - Nolse
persons | m:airtpollution
60—: [v3 X ¥ | B A
50
LV
m".
20,.- . o
w4
0 J j;i:ii.
bye o807

Figure 5. Comparison of the subjJective annoyance due to nolse
‘and due to alr pollution.

PABLE 6..INTENSITY OF ANNOYANCE DUE TO NOISE AND AIR POLLUTION AS
A FUNCTION OF AGE, BASED ON THE "THERMOMETER" WITH THE
SCALE RANGE 8-10 = STRONGLY ANNOYED.

Age group "N Percentage of strongly annoyed persons
' (years) - _ by noise (%) by air pollution(%)

< 30 ) . 241 16 22
30 - %0 T . 410 23 : 32

> 50 : , 634 34 ' 17

13
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6., SOCIAL INFLUENCES AND THE INFLUENCE OF THE LOCATION OF THE
LIVING QUARTERS

The strongest influence with respect to the subjective annoy-
ance 1s presented'by age both 1n case of nolse and air pollution
(see Table 6). '

The stronger;reaction by older people 1is also'seen in the
difference of'thezindiVidual reactions. Older people are more
often scared by a nolse event, and they take more frequenfly
sleeping pills‘beéause of the nolse (see_Section 7).

We have not fodnd an influence of the duration of habitation

with respect to noilse annoyance which would lead to some getting
use to the nolse, or conversely, a successive sensibilization.

The location of the living quarters were generally of 1lit-

tle importance.for the degree of annoyance due to noise. There
was a weak correlation with the height above ground: The inhab=-
itants of the ground floor and the'first level'up were a little
less'fréquently'disturbed to a large degree than the inhabitants
of floors higher up.

There 1s a dertain influence of the lcocation of the rooms

with respect to noise annoyance: The percentage of persons who
feel "strongly disturbed" by noise is significantly higher,
if the living or bedroom faces the street. This difference is

only noticeable, if the house is directly on the street. ~ The

. degree of annoyanbe due to alr pollution does not depend on the

location of the rooms.
7. CONSEQUENCES AND REACTIONS

The most impbrtant,health impahmwnts due to noise have
to‘do with-sieeplessness. Table 7 shows that 35 to U40% of the

14




inhabltants of quértefs'with z high nolse level complain aboht
disturbances of the recreative functions (sleep and recreation).
About a third of the inhabitants of these quarters also complain
about disturbances of communicative functlons. This type of
disturbance is a little less_pronbunced on Langstrasse than on
IWehntalerStrasse_and Winterthurerstrasse, although’the noise
levels are about the same. This situation is similar to the one
_already’noted’with respect tb.the intenstly of disturbanées§ note,
in particular, the day-time situatlon on Lanstrasse and_Wintér-

thurerstrasse (see Table by,

TABLE 7. DISTURBANCES OF LIVING FUNCTIONS DUE TO NOISE. . /113
Living function - Percentage of frequent dis-
' ‘ ) .turbances
OE WE, WE, [ ta

Al ] v \

-

Recreative functions
(sleep,. recreation)
Communicative functlons-
(Radio, TV, telephone)
Productive functions
(work)

. TABLE 8. REACTIONS TO NOISE ANNOYANCE

Reactions C Percentage of frequent:.reactlons

OE HEh hEv WI LA
| ) A} A} \

Consuymption of sleeping'pills

and tranquilizers: ‘ 1o a1 ¥ B »
Use of ear pluQS ; _ - 7 13 1 30
Closing the windows (during 1 2 e0 69 w7
the day) '

AZ 11 13 29 24

Improving the insulation of
. the living quarters.

There arevbaéically two types of reactions: Reactions thaf
are aimed at an improved adaptation, and the solution of moving

15



out. Table 8 shows a summary of this type of "adaptation re- :
actions." Aside from the pervasive reactlon of closing tﬁe
windows the sleeping-pill consumption and the use of ear plugs
are most frequent. .The statements are closeiy correlated with
the percentage of "strongly annoyed" persons in the respective
quarters. Consldering people older7than 50 years, responsible
for a larger percentage of "strongly annoyed" persdns, we find
an increase ¢f individuals taklng sleeping pills because of
the_noisevproblemfto 28% by comparison with the gréup of 30-50
year old people (21%) and the group below 30(9%).

TABLE 9. INTENT &o MOVE OUT DUE TO NOISE AND AIR-POLLUTION
C ‘ PROBLEMS (MULTIPLE STATEMENTS POSSIBLE)"

Quarter N - Percentage of inhabitants with moving

intentions
e S __Due to noise Due to alr pollutilon
Y . . ¢
OF 451 E : i ) . 6
WE, ¥ 97 o 17, . ) ) 3
WE, .. 263 ‘ - 32 ’ ‘ i
Wi * 48 K 35

w 209 . 38

N

A clear difference among the quarters is shown by moving

‘ intentions (Table 9). If one coénsiders the age of the respon-
dents 1t 1s cieaﬁ that younger people are more ready to move
out. The reasons for the moving inténtions may be different;

in any case, younger people do not consider the living situa-
tion'as definitiVe.‘ The older people have, presumabiy, a2 closer
relationship with theilr quarters; this may be the reason for
their more "1ndi§idua11y defensive" reaction against distur-
bances, such as taklng sleeping pills and using ear plugs a-
~galnst nolse. The largest differences aré found on Winterthurer-
strasse: Here, 57% of the people below 30 would like to move
out, but only 26% of the people older than 50. o
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8. CONCLUSIONS

We find the followlng general conclusions: 'Among the
inhabitants of quarters with traffic arteries of high vehicle
frequences about two thirds are frequentiy disturbed by noise
and alr pollution, half are "strongly" disturbed; the percen-
tage of people who are "occasionally", "weakly", or "never"
~disturbed 1s less: than 10%. By comparison, in the case of
the Oerlikon quarter with its local traffic the percentage
of the "strongly" disturbed people is ohly 7%, whereas about
two thirds of the people claim to be "mildly" disturbed, 40%
~ "seldom" or "never." In general, the annoyance is more pro-
nounced at night, in particular by older people. The same
behavior is evidenced by the different reactions to the noise an-
noyance: About a third of the inhabiﬁants of quarters next to
traffic arteries éomplain about sleeplessness, about the same
number of people ﬁse sleeping pills or tranquiliZers, about 25%
~experlence disturbancesvof thelr communicative functions, and
a third has plars.to move out elther because of noise or air-
pollution annoyance, By comparison,'in the case of the Oerlikon
" quarter, the values are between 5 and_lO%.

If one compares the freduéncy and the intensity of the sub-
Jectlve annoyance with the measured noise levels or the concen-
tratlons of dust or gaseous pollutants, the four quarters we
have ihvestigated’do not present a clear picture. For instance,
the percentage of_people who are "strongly" disturbed in the
off-street»houses~on WehntalerstraSSe,'both during the day and
during the night, ‘1s significantly higher than in Oerlikon; thie
1s in spite of thé.eésentially simllar levels of noise and air
pollution. - The locatlon next to traffic artery probably influe-
nces the reactioné, even 1f the row of houses between the speci-
- fic locatlion and the artery significantly reduces the noise level
“and the air polluﬁion. Additional problems, related to the high /114
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traffic volume, such aé the increased accldent risk, the
difficulty to cross the street, the separation of a formerly unif-
ied quarter by the artery, may influence on the subjectlve annoy-

ance by noise and air pollution.' The inhabitants of Oerlikon, by

contrast (some of ﬁhem being the owners of one-family houses with

gardens), have a more positive reaction to their living area.

As a result, the percentage of "strongly" annoyed people by

nolse (at a relatively‘high level, in fact) remains below 10%.

| An4"inf1uencelofcthe quarter" of another type is probably:
responsible for some of the responses from Langstrasse: Here,
the percentage of "strongly" annoyed people is noticeably smal-
ler thah in the case of the otherwise similar Winterthurerstrasse
quarter (including the smaller amount of disturbances of the com-
munitcative functions); this may have to do with the fact that
Langstrasse with its many offices, businesses and restaurants
: has intrinsically a higher noise level which is accepted in
particular, since quite a few of the inhabiltants are related to
these busliness enterprlses. In summary we conclude that the
nolse level aloﬁe does not allow ccnclusions as to the percent-
age of anhoyed individuals. One must'take the specific details-

of a quarter into account.

TABLE 10. Noise levels and the quallty of living areas [10]

“1in A&B(A) ‘Percentage of Evaluation of the quality

L
Dgging the day  annoyed persons “living area
" Up to 50 3 -5 Quiet 1living area
5160 5 =12 | ILiving area with average
' ' ' noise disturbances :
61-65 - 20-25 _ High noise level; measures
; ’ ought to be taken. |
above 65 above 50 “Very high noise levels

- drastic ,changes required.
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A relatively good correlation was found between the
percentage of "strongly" disturbed persons during the cday and
the traffic frequency. By contrast during the night about 50%
of the people thought to be "strongly" annoyed at an average
level of 100 vehicles per hour, and this number did not increase
even at the level of 600 vehicles/hour. Addltional indications
to the effect that the traffic frequency is an important para-
meter in evaluating the intensity of disturbances are found in
Swedlsh 1nvestigations [5]. The best correlation here was found
with the freqUency of truck traffic. Further studies have to
‘'show that these tentative conclusions have a general validity.

of particular importance for the establishment of limiting
values are the often highly significant differences in the subg—
" ectlve annoyances between day and night. We find that during the
night the percentage of people who are "strongly" disturbed-is
larger than during the day; this is in contradiction to a study
made in Vienna, where it was found that during the day more
people are disturbed by noise than during the night [4]. Aslde
from this discrepancy, the Vienna study has also shown a very

good corrélation between annoyance by nolse and by air pollut-
ion, with the nolse being the crucial factor.

Tf we compare our results on the four inner-city quarters
with those of the study "Wohnen im Neubau" [living in new hous—"
ing areas], [9], and the "Flugarmstudie” [Aircraft noise studyl,
[3], which contain the results of questionnaires on traffic
nolse, we see that 1n these studies? during the day, the LSO‘
levels were around 56-60 dB(A) and resulted In about 10% of
"strongly" disturbed persons, that is about the same number we
found 1n Oerllkon. On the 66-70 dB(A) level, these studles
had about 50% or Just a 1little more than we found on the front
'portion of Wehntalerstrasse at corresponding noise levels.

The disturbances of communlcative functions and reactions at
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comparable noise levels were of the same order of magnitude.’

A study in Paris [2] obtained a relatlon between the subjective
noise annoyance and the general satisfaction with the living
area; this study regarded the satisfaction with‘the living room
as an input varlable for the intensity of the noilse annoyance.

Table 10 shows a nolse-level classification on the basis of
the two studies in Switzerland [9]. On this basis, the nolse dis-
turbance on Wehntalerstrasse,’Winterthurerstrasse, and Langstrasse
(L50 values between 67 and T4 dB(A) during the day and between
48 and 67 dB(A) during the night) is very highj this is in agree-

"~ ment with more than 50% of the people being "strongly" annoyed
by noise. It is obvious that in these quarters the critical 1imit
for noise annoyance beyond whicn health-impairing events due to |
"nolse disturbance occur ln increasing numbers has been exceeded.
Drastlc changes, elther by architectural or traffic means, must
be undertaken. Similar measures should be contemplated in the
" case of the rear end of Wehntalerstrasse with its 20 - 25%

"strongly" annoyed persons.

, Questionabme are still thevevaluation criteria for‘permis—
sible noilse levels during the night; it is clear, however, that
a situation in which more than 50% of the inhabitants are
"strongly" disturbed by nolse, as 1s the case with the above
streets, 1s not within permissible limits. |

‘If plans are made wilth respect to nominal and'limiting
values or if improvements are mapped out, the evaluations of
the type studied in this work on noise and alr-pollution annoy-
ance should be taken into account. The specifics of inner-clty
quarters must clearly be considered. 'Not énswered is the ques-
tion as to ‘additlonal parameters: aside from the nolse level /115
the amount of air pollution, the traffic frequency and the type
of traffic, the architectural structure and the location of

the quarters should be included.
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Below is a list of characteristics describing a living environment.

Please place an x in each line for the characteristic which best /1%

describes your immediate environment. Do not omit any lines and place

an ¥ in only one box in each line.

Here is an example with the pair of characteristics "inviting" -

"inhospitable":
inhospitable

L
(JOODICI 000 inviting

L P
If, in your opinion, your immediate environment is very inviting,

place an x at the extreme right; if you consider your immediate en-
vironment very inhospitable, place an x at the extreme left. If

your opinion falls in between, place an x in the box which corres-

~ponds to your opinion,

inhospitable inviting
monotonous ' ‘ exciting
cdead | ‘V lively
strange ‘ o : _ familiar
rhreatening ' | safe
roisy _ quiet
dirty : clean

bad smelling pleasant smelling
foreign native
indifferent _ > helpful

narrov-mindod broad-minded

boring éntertaiﬂing
sloonmy bright‘
unfriendly friendly
poor wvealthy

* - o
Numbers in margin indicate foreign pagination



Do you have the window open in your bedroom at night?

frequently ceecessoseccss LJ
occasionally ceieeoevconnces L]
S€1AOoMm seeecssccoscocvnsae L]
NEVET sosesscsscoosasscces LJ
If "seldom" or "never" do you have a special reason?

noise @ 40 00 60O 6080 QPR e OB 6P O []
bad smell ceoeecO0bIseRE RN E]
other B 620606680 0Cc et OB OIOO0EC OO []

You know that many people today are distrubed by traffic noise. Fow

is your situation, are you bothered at home by traffic npise?
frequently O |
occasionally ............._[]

L]

SeldOm toeens o b estensa e L
nevenr ttonunaceoooaooogooo L]

If “fréquently". "occasicnally" or "seldom", at what time does
traffic noise disturb you the most? (only one entry,please)

in the morning (6-9)...e.. L]

during the day (9-19) .... L]

evenings (19-22) vieveaoas LJ

NiEHES eveeee(22-6)0enrees LI

Does it happen that the traffic noise

frequently occasionally seldom never

~ startles YOU et oeesvsosscecooccsaanc [j-loooooo- [] ce o E] c-orj

(S

= disturbs your s1eep ssvsevseesnee Llsessnesen L] euwe [] oual
- bothers you while listening _ :

to the radio or watching TVeeesss [ eveveees [T oo [7 ...00
= disturbs you during conversation

or when telephoning eevevesseceas L eeoneeee [ euee [] o000
- 1s harmful to your peace and

relaxation «.eiieieiiennenaseees L sreeeees [T e 0740000

- disturbs you at work 0 ce v o eeeec e [] cevrev oo [j eo 00 [ oo'Lj



5. Has the traffic noise led you or a member of your family for
yes

- to use cotton (Ohropax) or similar

means at Night seecocvcscecsosccsessccooscosa L] eeeen
- to take sleeping pills or tranquilizers .. ] eeees
- to keep the window closed during the day .. L] veosn
- to have your home better insulated against

NOLSE soscecancecosossaonssesoessscosssoass L] eeeen
- to have discussed with a doctor possible

damages to your hedlth secececsesccescscssnse L) evens

6. Do you have a balcony facing the street?

fr@qu@ﬂtly ce 0 0o s 0000000

OccaSiOﬂally seve v e non e

- seldom
never

yes nqvvo[-}
If yes, do you use the balcony

LN R I BN I Y B BE B B I I )

*® 6 % 0 0000 00800000080

no -

v oo 00

™ a3
Lt d g

If "seldon" or "never" do you have a specific reason?
Too Small (KRR R

too 1i
noise
dust .
tad sm

.other EEEEREEEEEREEES

7. Does It happen that you close your window at home because of

or exhaust
freque
occasi
seldom
never

ttle sun ..
*® ¢ 8 0 0 08 e

e‘l‘l LU I B Y B B

fumes?
ntl}“ ¢ o % 0 0
Onally e a0

8 %0 e e¢ o0 s

.

LI A

LI B ]

I

LI I
¢ e 80
¢ ¢ 00

S
L S
1
|
. L)
. L]

L]

r
b s

. L]
.3
. L]
. L2

example
no

L]
L]
L]

L]

dust



1f "frequently" or "occasionally", mostly at what time of the year?

Winter cecesscecsscoe E]

]

SUNMMEY cvevococessses

The whole year oeeecs L]

If you are in front of your house, are you bothered by car exhaust
fumes?

frequently cocececees ]

OCC&Sionally TEREEEK] [:]

Seldom cecescessoces L2

1

Fever l.'.l....l.ﬂﬁ.""—‘.
Assunme this is a thermometer with which you could measure how much

traffic noise and air pollution bothers you at home.

The 10 mark means that traffic noise and air pollution in your home
are almost unbearable; the C mark that they don't bother you at all.
Where would you peréonnaly grade traffic noise and air pollution on
this thermometer? (Please mark the scale)

Traffic Noise ' , Air Pollution
10 _(Ww. unbearable bother 10 -ﬂ?~"
o -1.}. o .1.}.
8 -q-t- 8 -d-f- ¢
7 .11 7 -4-}-
6 ~d-d. 6 -A-1.
5 LS BN Y 5 - e B o
4 -J4-1. " 4 -2 -
3 -4.1- 3 --f4-
2 e d- ‘ 2 --H4-
1 e 1 --}]-
0 =nf-d- no bother at all 0 --11




Finally, we do have several statistical questions; would you please
check the applicable boxes: |
Age: , under 20 ssceo0csvcconcense L]

21 = 30 seeesoncsccanceos L]

31 = 40 ececeovcneseceqes L]

41 = 50 eesncecevovaceass L]

51 = 60 vescoosocaesaases L]

over 60 ceseccsecencesees LJ

Sex: female eveeoo LJ
male cos 000 []
Present occupation: self - spouse

Worker, skilled Worker, foreman teev0csco s [] $ees e L]
business and technical employee,

.
4

QFfiCial L I I L I I I I R I I O S P S P S S Ej ¢t

. . el L o 7
managirg enployee or official,self-employed .. P
Rcti-{‘ed ..ltOIOOOOOBOIGO'GB..'..GIOO...'..... L:] Sse0 e E:'
- - : . s e : . 7 M
not employed, i.e. housewife, StUdent eeeesees L sseecess L
Income (Francs per month) self spouse
. - _
less than 2,000 € 6900000606080 06800006080000a00CO L] topreee L]

2’000 '3,000 oll.l.....Q’."O..QQO'0.0I‘D..'.O [] cee e []

3'000-4’000 oc!olnoooonooosoooaaooo;)o'notoe L] Srecsen [j

. . - 1
Over /+’OOO © #2000 0096008800000 o009 ‘ % 08 60 089080000 L-] seess e ["‘I P
r] =7
rlone © % ¢ 00 0602090 P O OO Q0O 0G O0C 9 6 8868 00 500660 006480 L $0c909 L“"
Lducations self spouse

ele[nentary SChOO’l— .0!060!QQ.OQ.OQ..IQ.'.'0.00Q E] .‘._...‘. []
secondary school, trade school .......,......o‘LJ cevsves L]

high SChOOl, UniVCrSity © 49 e 0600000008000 00000S E] srevene []

How long have you lived in vour present dwelling?

Less than 1 year vueeeeescesee (] eeeeeee [J
1 - 3 yearS cieeeneensonnonsnes L) eeceees L[]
4 « 10 YEATS ceevosesccenvoosss L] eeeeees []
OVer 10 VOATrS seseeoevesoccesss T



On which floor do you live?

Ground floOr ceoececscescscsesccas L]
1St FLOOT eevseeocesnscocsonssocses LJ
2N FLOOT secoeccvccococooososoasese LJ
3rd FLOOT ceccossocececsoncosonsnce LJ
4th floor and UP ececssesosoascesses LJ

Which rooms of your dwelling are facing the street?
(main thoroughfare)

Living room cecesscestescnnsareee [
bedroom ssesescassssocscessceoscsecs [
Children®s rOOM seceesssoessecrnacs ]
Kitchern, bath, toilet sesveceecseass []

other room c.ecouo'ooaooconoonoo-ooo‘[]

How do you rate_the rent for your dwelling -?
Cheap P tee o e 00Ut bO O R L OO RN OO COLOOLS []
appropriat(} € 6080 000 et 03 IrOeO0 B0 []

oo ‘li_(_f')h, €3 09 83 009 COIDPIOCEBOOCECEOOOCSISRECS I_]

Have vou occasionally thought of moving out?

}"esr......'.. L:’ : MO e¢oerccvoce []
If yes, Ffor what reason? '
Chélnge of work or residence ©9 600 e 00 00O RELESIOESEEIOEO []

Space redsons 0000600602060 08008 e

. . . i~
7)015(3 © © 0 20 20600002 OL SO BO T OO LGS OO SO OE OOSC OO0 S OD SO OO OO S L_.]

air pollution seeeso

0.lOQ003000.‘."lln".'l.'.'.l.l.ﬂﬂEj
L.

[.)t]:ler € ¢ 8 8 6000200002 R2DLO00 0 OEO00E S DN ECE OO0 VOSSO ISLOEO0 0 OC S L]

Do you smoke?

NEVET  sessvevecosoncessoee LJ
0ccasionally sesesecesncoe L
regularly cicecscecsocce o L]
Does anyone else smoke in your dwelling?
NEVET sosooessesssenssosee LJ

OCCaSiOnally -on‘oneroeoooe []
I‘Og111£:r1y S e 80660802000 0EC 08 E]
6



